A recent turbulence in the oil market, as well as the ever-decreasing stocks of fossil fuels, has led to growth of interest in various alternative technologies like automotive hybrid vehicles. Despite the rapid increase of markets of hybridelectric vehicles, their scope for the Gulf Corporation Council region still needs to be explored further. Awareness about benefits of using hybrid-electric vehicles is fast spreading in the Gulf Corporation Council region and this has positive impacts both in terms of consumer satisfaction and reduction of environmental pollutants. The major aim of presented work is to explore the benefits of using hybrid vehicle technology in terms of savings in cost and reduction in greenhouse gas emissions. Emissions savings were found to be in a range of 9-13%. Fuel savings per 100 km were in a range of 8-10 L. The presented work discusses various issues related to background, features, and components of hybrid vehicles. Trends in the design, energy management, component sizing, energy costs, greenhouse emissions, fuel economy, and performance of these vehicles have been analyzed. Further conclusions and recommendations have been made about these issues keeping in focus market trends in the Gulf Corporation Council region.
Introduction
The economies of Gulf Corporation Council (GCC) region consisting of the states of United Arab Emirates (UAE), Kingdom Saudi Arabia (KSA), Oman, Qatar, Kuwait, and Bahrain are constantly influenced by the fluctuations in the international oil prices. About half of the global crude oil reserves are currently concentrated in this region 1 (Table 1 ). Due to recent price crash in the oil market, governments across the GCC region were forced to review prices as well as tariffs for various resources like oil, gas, and electricity. Overall a price rise of 30-200% has been observed in fuel prices. 2 The International Monetary Fund (IMF) has also projected an overall negative fiscal balance for the entire GCC region. 3 All these factors have renewed the interest of policymakers in alternative technologies like renewable energy resources, and electric and hybrid automotive systems.
This paper is organized in four parts. The ''Introduction'' section introduces the need of using hybrid vehicles. The ''Literature review'' section summarizes the literature review of previous work done on various issues related to hybrid automotive systems. Major configurations and components of these systems are presented in contents of section ''Components of hybrid vehicles.'' The ''EM and greenhouse gas emissions'' section emphasizes on issues related to energy management (EM) and emissions. ''The current review of hybrid vehicles'' section presents the data about current usage of these vehicles, further exploring their scope for the GCC market. Finally, the significant results of this work have been summarized in the ''Conclusions and recommendations'' section.
The current work addresses the research gap for use of hybrid vehicles in GCC region. This can be done by spreading awareness about benefits from implementation of energy efficiency concepts.
Literature review
General awareness about the current energy scenario and fossil fuel depletion has been previously discussed. [4] [5] [6] [7] [8] Use of hybrid vehicles has been a major topic of research for various works done in the past. Pavan 9 has presented a brief overview of various design considerations used for proper selection of hybrid-electric vehicles (HEVs). 9 HEVs combine various benefits of gasoline as well as electric motors. They can achieve objectives like fuel economy, higher power, or auxiliary power. Despite this, sales of these vehicles have remained low with about 900,000 units sold during the year 2007 due to their higher maintenance costs. Khan and Kar 10 reviewed various steps being undertaken by the Canadian government to encourage sales of hybrid vehicles. M Strehler et al. 11 developed a novel method for charging of hybrid vehicles. Fathabadi 12 has proposed a novel charging system that can be coupled with photovoltaic (PV) or wind hybrid power source. Use of new hybrid module increased the cruising range of the vehicle by 19.6 km, efficiency and speed to 91.2% and 121 km/h, respectively, as compared to the normal operation (Table 2) . 12 Vehicle under consideration had a weight of 1880 kg.
Ruan et al. 13 explored the relationship between transmission and energy storage system of hybrid vehicles. Comparisons of conventional gasoline vehicle and hybrid vehicle proved that the cost of travel perkilometer for the case of hybrid vehicles was lower as compared to those of gasoline vehicles.
14 W Enang and C Banister 15 presented a comprehensive review of electric vehicle modeling and control identifying major research gaps. T Zeng et al. 16 proposed a non-linear regression model of a fuel cell hybrid vehicle based on intelligent algorithms to predict the performance of a bus. Gasoline engines typically have an efficiency of 30% thus making electrical powered vehicles more feasible for use. 17 Roda et al. 18 investigated a commercial electric vehicle modified to convert it into a hydrogen-based hybrid. Subramaniyam et al. 19 compared the cornering performance of an engine in driven vehicle and a HEV using the bicycle model and the Mimuro plot. Over steering was noted with an increase in the speed of vehicle increases.
The influence of chassis, tire-road interface, and steering system non-linearity have been introduced. 20 Budde-Meiwes et al. 21 discussed battery technologies and future options. The potential of the turbo-generator-based power train for hybrid vehicles has been described. 22 Masding and Bumby 23 described the identification, modeling, and simulation of the drive-train components in a hybrid IC-engine battery electric car. Manzie et al. 24 analyzed the fuel consumption of an intelligent-hybrid vehicle. A ''fuzzy controller'' was used to plan a suitable controller for the designed hybrid locomotive. 25 Table 3 presents a summary of various literature review works related to hybrid technology.
Components of hybrid vehicles
Following are major constitutes a hybrid vehicle: 26 (a) Engine-these vehicles are powered using two-or four-stroke combustion engines, rotary engine, gas turbines, or Sterling engines. Hybrid vehicles may be classified according to the arrangement of drive trains. 15 In a series arrangement, the vehicle is driven from the motor which gets power from engine driven battery as shown in Figure 1 . Hence, the engine operates at constant efficient speed. In a parallel arrangement, both engines, as well as a motor, are connected to the transmission system ( Figure 2 ). There may be several variations of hybrid vehicle technology like micro HEV, mild HEV, full HEV, and plug-in HEVs. 15 Micro HEVs have a small starter electric motor used to stop the engine. BMW 1 series, Fiat 50, Ford Focus, and Transit are examples of these types of vehicles. The mild HEVs have an increased size of components which helps in vehicle propulsion. Examples of these types of vehicles include the BMW 7 Series, Honda Civic, and Chevrolet Malibu. Full HEVs have smaller engines and need more complex EM systems. Chevrolet Tahoe Hybrid and Toyota Prius belong to this category of vehicles.
Plug-in HEVs (PHEVs) have additional external charging plug, bigger electrical components, and a downsized engine. These vehicles are able to run on electric power for a longer time. Chevy Volt, Ford CMax Energi, and Toyota are examples of such vehicles. Figure 3 shows comparisons between energy sources and storage for hybrid systems. Fuel cells have advantages in terms of higher energy density values.
Fuel cells are one of the most promising energy supply sources for motors to run hybrid vehicles. These devices produce just water as a by-product. However, they require auxiliary sources like batteries that are lead-acid, Li-ion, and Ni-MH type. 26 Various advantages of HEVs include downsizing, regeneration of kinetic braking energy, no fuel consumption during idling, and removal of the starter motor.
EM and greenhouse gas emissions
There have been a number of works done on topics of EM strategies for hybrid vehicles. 24 At lower speeds, maximum torque is produced in engines thus making the use of motor more dominant. So, the vehicle is Ruan et al. 13 An investigation of hybrid energy storage system in multi-speed electric vehicle
Relationship between transmission and energy storage system Roda et al. 18 Re-modeling of a commercial plug-in battery electric vehicle to a hybrid configuration with a PEM fuel cell running in purely electrical mode at lower speeds. As the speed increases, the role of the motor becomes less dominant. Various methods of EM for HEV can be divided into two main methods of global optimal control methods and instantaneous control methods as shown in Figure 4 .
Dimitrova et al. 28 outlined the basic structures and guide-lines regarding choice of components of different types of HEVs. Karemuuah et al. 29 simulated an optimal control -based algorithm for hybrid vehicle EM. Huang presented a review of power management strategies and component sizing methods 30 . Xia analyzed the total cost of ownership from data collected from HEV owners. 31 Maamria used Dynamic Programming to calculate the eco-driving cycles for a HEV. 32 Taymaz et al. 33 simulated the fuel consumption and emission rates at charging, acceleration, and deceleration times. A 30% reduction in the amount of fuel consumed was seen when com-pared to conventional vehicles. Guan et al. 34 proposed an adaptive power management strategy based on the equivalent fuel consumption minimization strategy having a superior fuel economy. Horrein et al. 35 analyzed the effects of the heating on the rate of fuel consumption for a hybrid vehicle. The rate of consumption increased to 19%, with a 9°C rise in fuel inlet temperature. Breetz collected data from 14 cities across the United States from the year 2011 to about the Total Cost of Ownership for conventional, hybrid, and electric vehicles ( Figure 5 ). Spatial variation was noted due to differences in fuel prices, policies, insurance, and maintenance costs.
Hyundo evaluated Korean automobile market with respect to the product efficiency and suggested effective policies to promotion. 31 Lower maintenance charges can make hybrid vehicles more option (Table 4) . Borthakur et al. 32 used ADVISOR software interface to develop a Series-Parallel power train for a heavy-duty truck. Gopal et al. 33 examined the costeffectiveness of transformation from conventional cars to hybrid systems by calculating their marginal abatement cost (MAC) of carbon in the long run. Effects of temperatures were analyzed using a Genetic control algorithm to find the optimal fuel economy. 34 Table 5 compares various characteristics of conventional vehicles with those of electric ones. Fuel economy achieved using hybrid vehicles can be visualized. Hannan et al. 35 analyzed use of other sources of power like fuel cell, battery, super capacitors, and PV for HEV exploring issues like energy management system (EMS), power conditioning, and propulsion system. Brouk et al. 36 presented various control strategies for these vehicles with an aim to optimize fuel consumption and battery life. A Toyota Prius model was chosen to establish various control strategies. Fuel consumption decreased by 3.16% with maximum savings in electricity reaching about 19.36%. Cao et al. 37 simulated an optimum-fuel-economy curve for a power-split HEV. Lanzarotto et al. 38 summarized the fuel consumption between series and parallel arrangements. The fuel consumption shown in Figure 6 shows that series system was characterized by 80% efficiency on average. Table 6 compares the greenhouse emissions savings using hybrid vehicles. It can be concluded that about 9.95% of savings in CO 2 was achieved using a hybrid model of Honda Civic as compared with conventional vehicle. The potential of PHEVs to reduce greenhouse emissions depends on their source of power as well as the time of usage. 40 The annual savings in CO 2 for all registered Chevrolet Volts amounted to about 57 kt CO 2 as compared to conventional cars. Improvements in terms of CO 2 emission reductions were of range 11-23% with reductions in the operating costs of 13-26%. 28 The current review of hybrid vehicles SWOT (Strengths, Weakness, Opportunity, and Threats) analysis of hybrid vehicle market in India showed that these vehicles have shown more failure rates as compared to ICE driven vehicles due to their restricted top speed and lesser distance coverage per charge of batteries. 42 Taxes may be used to lower the prices of electric vehicles, building various recharging facilities, thus achieving the goal of energy independence in a few years. Figure 6 . Fuel consumption comparison between parallel and series architectures.
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A 7.0% growth was observed in the usage of passenger and commercial vehicles in the GCC region with a rising in sales from 9.8 million in 2010 to 13.7 million in the year 2015 ( Figure 7) . Almost three-fourths of the region's vehicle fleet consists of passenger cars. Saudi Arabia and the UAE have the largest share in the regional automotive market (Figure 8 ). 38 Sales of Toyota vehicles accounted for about 30% of share for the whole region ( Figure 9) .
The passenger car market in Saudi Arabia was projected to grow at 5.2% from the year 2015 with an estimated 5.6 million cars in use by the year 2020. The share of UAE in the GCC passenger vehicle fleet was projected to reach 19.2% by the year 2020. Passenger cars in use in Bahrain have one of the highest motorization rates in the world. Oman has also witnessed a drop in new sales of passenger car due to the economic slowdown. 43 Higher rates of urbanization in ever-increasing consumer market have propelling demand for passenger cars in Qatar.
The market for hybrid vehicles was valued at US$103 billion in the year 2015. It is expected to rise to US$400 billion by 2024 showing a growth of about 16%. 44 The GCC region is set to be the key player for the future of these vehicles. The Dubai Electric and Water Authority (DEWA) has installed about 100 electric-vehicle charging stations. The Dubai's Roads and Transport Authority (DRTA) plans to operate about half of the passenger cabs using hybrid technology by the year 2021. 41 Al-Futtaim Group has launched the first luxury hybrid Fisker vehicle in the GCC and the Middle East. 45 Lexus is offering hybrid models in the UAE and a few other GCC countries. 46 The ABB Company has started to produce charging units for hybrid vehicles in its facility.
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A 1.6-L engine Toyota Corolla has a starting price of UAE Dh 67,500, whereas its hybrid equivalent Toyota Prius, has a base price of UAE Dh 89,900. The cost savings using a hybrid car can be easily visualized as the fuel mileage for these cars are 18.1 km/L and 26.1 km/L, respectively. 48 The Dubai government is providing incentives like free parking spots in 40 different locations to the owners of electric cars. Abdul Latif Jameel Motors of Saudi Arabia has recently announced the launch of the new Camry Hybrid for the Saudi market. It is powered by a petrol engine and two electric motors. Aesthetic interior with a distinctive design, convenience, and comfort are the key attractions of this model. It also has features like a wireless charging system, dual-zone automatic air conditioning, multi-adjustable power front seats, and reclining rear seats.
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Conclusions and recommendations
This work presents an overview of hybrid vehicles with a major focus on various configurations and main issues, especially EM, fuel consumption, and greenhouse emissions. The issue of EM is a critical technological barrier for using these vehicles. GCC countries can cooperate with each other in order to implement a plan to take advantage of this novel hybrid technology. Various recommendations for policymakers and professionals, in general, from the presented work, are as follows:
Spreading awareness about energy efficiency concepts and benefits from hybrid vehicles; Establishing various university training programs as well as subjects for students; Issuing clear laws to encourage active participation of the private sector in various R&D projects; Establishing a government mechanism to implement financial support for projects.
Finally, we hope that this study will help in spreading awareness about hybrid technology and its applications in the Gulf region because of its economic and environmental importance.
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